ABSTRACT This study combines evidence from interviews in seven countries with (i) government institutions responsible for attracting Foreign Direct Investment (FDI), (ii) 102 multinationals (MNEs), and (iii) 226 domestic firms linked to these foreign affiliates as suppliers, customers, or competitors, to identify whether relations between MNEs and domestic firms lead to direct transfers of knowledge/technology. We first document that there are relatively few linkages between MNEs and domestic firms in sub-Saharan Africa compared with Asia. However, when linkages are present in sub-Saharan Africa they raise the likelihood of direct knowledge/ technology transfers from MNEs to domestic firms as compared to linked-in firms in Asia. Finally, we do not find that direct knowledge/technology transfers are more likely to occur through FDI than through trade. As such our results are not consistent with the view that tacit knowledge transfers are more likely to occur through localised linkages.
Introduction
Governments in developing countries allocate significant public funds to attract foreign direct investment (FDI). The rationale relies on the premise that FDI (besides bringing more jobs and foreign capital) brings superior know-how, managerial skills, and technologies that can diffuse into the domestic sector through various mechanisms.
1 These intangible assets are seen as an important source of productivity growth for domestic firms in the developing world. They help emerging industries catch up to the technology frontier.
Knowledge/technology transfers from foreign affiliates to domestic firms have received a lot of attention in the academic literature, and there are many well-explored theoretical mechanisms through which such spillovers may be realised. Existing studies typically consider spillovers through horizontal (intra-sector) or vertical (inter-sector) linkages. Horizontal spillovers occur when knowledge/technology used by the multinational enterprise (MNE) is 'transferred' to competing local domestic firms in the same sector. Vertical spillovers are transfers of intangible assets through the supply chain from foreign intermediate suppliers to domestic producers (referred to as forward linkages) or from MNEs to domestic input suppliers (referred to as backward linkages). The empirical literature is inconclusive as to the nature and range of FDI spillovers. Estimates of the impact depend to a large extent on the specific country context, the data used, and the methods applied.
A common feature of the FDI spillover literature is the indirect approach to measuring knowledge/ technology spillovers. Giroud (2012) provides a critique highlighting that this literature has only considered FDI spillovers as externalities of MNE activities, which occur strictly through indirect mechanisms such as competition, demonstration effects, and labour mobility. More specifically, focus has been on uncovering indirect evidence of externalities. This has been done by looking for associations between the increased presence of multinational enterprises (MNEs) in a sector and productivity improvements in local domestic firms in the same sector (horizontal spillovers) or in local domestic firms in other sectors through upstream or downstream mechanisms (vertical spillovers). We argue that the effect of these indirect spillover mechanisms depends on inter-industry linkages and underlying industrial structures. Lack of economic complexity will limit the scope for knowledge/technology diffusion of FDI spillover externalities (Hidalgo, Klinger, Barabasi, & Hausmann, 2007; Bahar, Hausmann, & Hidalgo, 2014) . This means that the way in which knowledge/technology spillovers is typically measured leads us to hypothesise that FDI spillover externalities (all else equal) are less likely to occur in countries where absorptive capacity is weak (Africa) as compared to countries with more complex industrial structures (Asia) (Marin & Bell, 2006) .
Yet, direct linkages may also be at play. Arrow (1969) highlights that knowledge diffusion often requires direct (inter-personal) interaction, and that knowledge diffusion is not an automatic process; the potential for actual linkages is also dependent on the absorptive capacity of local domestic firms as well as the MNE objectives and activities (Marin & Bell, 2006) . To get a more complete picture of MNE knowledge/technology transfers, we therefore need to understand both direct linkages and indirect spillover effects of FDI. Arguably, treating these concepts separately in empirical studies may yield insights to help unpack the heterogeneous country effects of FDI knowledge/technology transfers found in the literature. Due to data limitations only a few studies have focused on studying the nature and existence of direct FDI linkages (Jindra, Giroud, & Scott-Kennel, 2009; Giroud, Jindra, & Marek, 2012; Newman, Rand, Talbot, & Tarp, 2015) , and to our knowledge no study has tried to verify information of direct FDI linkages using information from both MNEs and linked local domestic firms, respectively.
The aim of this study is to provide new evidence on the existence of direct FDI linkages in developing country contexts. We rely on a specially designed survey instrument implemented in seven countries (Cambodia, Ethiopia, Ghana, Kenya, Mozambique, Vietnam, and Uganda) enabling us to identify direct linkages between domestic and foreign affiliates. We use data triangulation to identify direct MNE-local domestic firm links. This is done to obtain as accurate a measure of direct knowledge/technology transfers as possible using information from both 'nodes' forming the relationship. To distinguish possible MNE spillover effects from vertical linkages stemming from international trade, additional domestic firms not directly linked to MNEs within the country were included in the sampling frame if they engaged vertically with a foreign company outside the country. We obtained information from seven central government bodies responsible for national FDI relations, data from 102 MNEs linked to 132 domestically owned firms either as suppliers or customers, and 94 domestically owned firms vertically linked to MNEs through trade.
2 Our approach helps identify whether relations between MNEs and domestic firms lead to recognised direct transfers of knowledge/technology. As such, the contribution of our paper is twofold: (i) conditional on having MNE client or supplier relations, we document the extent of which direct technology/knowledge transfers between MNEs and domestic firms actually take place, and (ii) analyse firm attributes likely to be associated with these direct transfers.
We document relatively few linkages between MNEs and domestic firms in sub-Saharan Africa as compared to Asia. The few linkages documented in the sub-Saharan African countries is puzzling since MNEs in this study were selected using a purposive sampling approach, where national investment promotion agencies (IPAs) in each country were asked to select the foreign affiliates most likely to be linked to domestic clients and suppliers. As such, the documented linkages are likely to be upper bound estimates. However, when these linkages are present the likelihood of direct knowledge/technology transfers from MNEs to domestic firms is relatively higher in Africa as compared to Asia. Our results, therefore, suggest that in the absence of sufficient economic complexity, that would normally facilitate indirect technology spillover externalities, establishing direct linkages between foreign and domestic partners through binding contractual agreements may be an effective policy in helping to ensure that MNE presence leads to technology spillovers in Africa. Finally, our evidence also seems to suggest that direct knowledge/technology transfers are not more likely to occur through FDI than through trade -a result that is inconsistent with the view that tacit knowledge transfers are more likely to occur through localised linkages.
The paper is structured as follows: in Section 2 we provide an overview of the most recent literature. Section 3 presents our triangulation approach and describes the data used for the econometric analysis. Section 4 presents the results regarding direct horizontal transfers, and Section 5 investigates direct vertical linkages. Section 6 offers concluding remarks.
Background and related literature
The empirical literature on the effects of indirect FDI spillovers/externalities in transition and developing countries is large and has been discussed in several reviews (examples are Caves, 1996; Blomström and Kokko, 1998; Markusen and Venables, 1999; Görg and Greenaway, 2004; Javorcik and Spatareanu, 2005; Moran, 2007; Javorcik, 2008; Smeets, 2008; and Alfaro, 2014) . This literature suggests that the potential for positive FDI technology externalities depends on the mechanism through which the knowledge transfers occur.
Analysis of whether FDI can help develop Africa's industrial capacity is typically pursued along two dimensions: (i) Horizontal linkages analysing whether the presence of foreign-owned firms within the same industry leads to knowledge/technology upgrading in local domestic firms, and (ii) Vertical linkages looking at foreign-owned firm effects on probabilities of knowledge transfers to local domestic input suppliers and/or customers of MNEs. Most literature, as already noted, measures linkages indirectly by exploring the extent to which the dominance of foreign firms within and across sectors impacts on the productivity of domestic firms through externalities. Only a few studies have considered the extent to which self-reported knowledge moves between firms along the supply chain, and whether such transfers are directly related to interactions with foreign-invested firms. As such, most studies do not separate out direct knowledge transfers from more indirect externalities associated with FDI. The distinction between indirect and direct effects is important given that different industrial policy recommendations will emerge depending on which mechanism dominates. In economies with relatively high levels of intermediary competition and a relatively high degree of economic complexity, conditions for indirect spillovers are such that incoming knowledge and capabilities from FDI in a specific sector are highly likely to spread naturally both horizontally and vertically. On the contrary, in economies characterised by low levels of competition and economic complexity, industry policies facilitating direct knowledge transfers between specific partners may be necessary to ensure that knowledge and capabilities are transferred to industries that subsequently have the largest opportunity gains (Hausmann et al., 2013) .
Horizontal spillovers within sectors may arise when workers move from MNEs to local domestic firms, bringing knowledge with them. Similarly, domestic firms may observe MNEs operating in their sector and copy their technologies. Finally, within sector competition between MNEs and domestic firms may force domestic firms to increase efficiency to survive, even though MNEs may have an incentive to prevent their embodied knowledge and technologies from leaking to local domestic competitors. These effects can also lead to the least efficient firms exiting, thereby improving overall productivity within sectors. This could lead to observed productivity improvements within sectors with a large dominance of MNEs, but should not automatically be interpreted as evidence of positive technology externalities/spillovers. In general, the empirical literature on intraLinked-in by FDI 453 industry externalities has failed to find robust evidence for productivity gains accruing to local domestic firms through horizontal spillovers.
Effects through vertical spillovers/externalities are, on the other hand, more likely to be positive, since conflicts of interest between MNEs and their suppliers/customers are less likely. Positive spillovers through backward linkages occur when domestic firms that supply inputs to MNEs experience productivity improvements. This can happen through a number of different channels. First, it can increase possibilities for scale economies among domestic suppliers due to greater demand for intermediates produced by local domestic firms. Second, domestic suppliers may get better incentives to improve the quality of their inputs and increase the efficiency with which they are provided, due to increased requirements from MNEs and competition from other local firms for foreign customers. Third, there is also the direct effect, focusing on the deliberate knowledge transfers from MNEs to domestic input suppliers. However, in the literature this direct effect is generally not separated from the indirect effects of MNE presence. It is also possible that backward linkages could have negative externalities, and the literature finds that a pre-condition for positive spillovers through backward linkages is that domestic input suppliers produce varieties that are similar to the input requirements of MNEs. This means that the absorptive capacity and adaptability of local domestic firms matter for the nature of spillovers through backward linkages.
Forward spillovers from MNE suppliers of inputs to downstream local domestic firms have been studied less in the literature. However, intermediates provided by an MNE may embody new advanced technologies from which local domestic firms can gain knowledge and improve efficiency. These inputs could be accompanied by services or other forms of support that impact upon the productivity of domestic users, and in contrast to imported intermediates, the tacit knowledge in these intermediates may only be realisable in localised settings through direct interactions (Arrow, 1969) . In addition, increased competition among input suppliers due to increased MNE presence may benefit downstream local domestic firms due to more efficiently produced inputs by all upstream firms.
Much of the recent empirical research investigates the existence of such FDI externalities with a focus on vertical linkages; particularly backward linkages. And on average (according to the review papers cited above) the studies support the presence of positive vertical FDI spillovers. In this literature, FDI spillovers are often inferred from associations between the intensity of presence of MNEs in a sector and productivity in local domestic firms in other sectors (using aggregate inputoutput information to support sector inter-linkages). As highlighted in Javorcik and Spatareanu (2011) , this standard approach assumes a positive linear relationship between the share of local inputs sourced by MNEs and the extent of non-pecuniary knowledge (or technology) externalities through backward linkages to domestic suppliers in linked industries. Giroud et al. (2012) highlights that more competitive and complex value chain relationships may limit direct transfers of knowledge along vertical dimensions. This is so even if they may facilitate indirect spillovers. Direct and indirect linkages should, therefore, be analysed separately as also emphasised above. Newman et al. (2015) try to overcome this by using self-reported firm information on knowledge/ technology transfers, to uncover whether vertical effects are more likely to emerge from direct (selfreported) MNE linkages or whether effects are more likely to be driven by indirect FDI spillovers. They find, in the case of Vietnam, that indirect FDI spillovers are more likely to drive local domestic firm productivity improvements as compared to knowledge transfers through direct linkages between MNEs and domestic firms. This finding is consistent with Hirschman (1958) , and Vietnam has a relatively complex industrial structure with well-established inter-sector linkages. However, in countries (Africa) that lack economic complexity there will be less absorptive capacity and weaker industrial linkages and so MNEs are less likely to generate positive indirect externalities. Instead, MNE presence is more likely to generate what Hirschman refers to as enclave economies. But, given that location decisions by MNEs reflect location fundamentals, an MNE choosing to locate in a country with limited scope for indirect knowledge/technology externalities must do so on the basis that they (i) do not find the effects of externalities sufficiently important for their business (for example, the case where MNEs source inputs from abroad and focus primarily on export markets) or (ii) believe that the MNE through direct knowledge transfers can facilitate the necessary initial technology upgrading of local suppliers/customers (and start a process for a future increase in local value chain dynamics). 3 In the latter case, we would expect that direct knowledge/technology transfers are more likely to occur in locations with less industrial linkages. This is what we test in the remainder of this study.
Data and descriptive statistics
Data used in this study was collected using a data triangulation approach. Based on comparable semistructured interviews with (i) each country's investment promotion agency (IPA), (ii) 102 MNEs, and, (iii) 226 firm owners or managers of domestic firms, we obtained insights into the determinants of and cross-country differences in direct FDI spillovers. Structured interview guides ensured comparability of the information across source and country. For logistical purposes, the interviews were carried out in major cities only.
The sample of firms was selected as follows (purpose sampling combined with a sequential/ snowball sampling technique): First, a semi-structured interview of the central government authorities in charge of attracting foreign investment was carried out. The investment agency targeted was the one feeding into UNCTADs World Investment Report with information for its annual survey. We therefore targeted institutions at the same level of responsibility. The identical semi-structured survey instrument provides systematic and comparable insights into government perceptions about possible FDI technology linkages from existing partnerships.
4 When asked about ways in which technology transfers from MNEs to domestic producers are likely to occur, the IPAs generally commented on the potential for generating direct linkages between MNEs and local domestic firms, and were less focused on describing policies to facilitate increasing FDI impact from externalities. Moreover, the country with the fewest identified direct linkages (Kenya) was the most optimistic about the potential for positive technology spillovers.
As part of the IPA interview the enumerator, in collaboration with the government FDI agency, identified up to 20 MNEs in the manufacturing sector with majority foreign ownership to be subsequently interviewed, and in most cases the government MNE agency was helpful in facilitating the interviews. In some countries, 20 manufacturing MNEs with majority foreign ownership could not be identified (or interviewed) in the chosen city. In such cases a broader industry definition was applied (including in addition to manufacturing, mining, electricity and water, and construction). Even with this expanded industry definition it was sometimes difficult to identify the targeted number of MNEs operating in the industrial sector. In countries/locations where there were numerous MNEs to select from, MNEs producing intermediates for the domestic market were preferred. In the end, information from a total of 102 industrial MNEs across the seven countries were available for analysis.
5
Second, based on this MNE identification, enterprises were interviewed using a pre-designed interview guide, focusing on location choice determinants and local technology transfer. As part of the interview the enumerator, in collaboration with each MNE, identified: (i) up to three domestically owned industrial firms, which are customers of the MNE, and (ii) up to three domestically owned industrial firms which are suppliers to the MNE. Moreover, whenever possible each MNE should mention three in-country direct competitors to the MNE. With 102 MNEs this could in principle have resulted in 606 (3*2*102) interviews with domestic firms vertically linked to the MNEs as either customers or suppliers. However, only 132 vertically linked firms were identified. The explanation for this can be found in Table 1 (A) and 1(B) in the Supplementary Materials which provide examples of the MNE responses for Kenya and Vietnam, respectively (where firm identifying details are removed from the table to ensure anonymity).
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MNEs were purposely included in the sampling frame if they engaged (i) in supplier relationships with a foreign company outside the country (direct export) in another sector (defined at the four digit ISIC level), or (ii) in purchaser relationships with a foreign company outside the country (direct import) in another sector. To identify these firms, assistance from the country IPAs was relied upon. Combined with domestic firms identified as having direct links with MNEs within the country, a total of 226 domestic firms across the seven countries ended up being available for analysis. Of these, 132 were directly vertically linked (supplier or customer) to an MNE with a branch within the country.
It should be highlighted that this sampling approach was highly ambitious, and in itself gave some important insights. First, it was confirmed that many MNEs (especially in the five African countries) are not linked with any domestic manufacturing firms, that is, that they only have links to other MNEs within the country. Several MNEs are sole producers of particular/niche products, and thus have no competitors; others rely solely on imports, and thus do not source intermediate inputs from the domestic market. A large majority of MNEs produce wholly for the export market, implying that direct domestic forward linkages will be non-existent for these firms. Second, and more surprising, MNEs engaged with domestic suppliers and/or customers identified those on a day-to-day basis and very few had long-term relationships with domestic suppliers/customers. Consequently, limited information about names, location, and other contract details were available.
Figure 1(A) and 1(B) in the Supplementary Materials illustrate (taking again the cases of Kenya and Vietnam) country differences in the composition of sampled firms and their relations, and Tables 1 and 2 document selected summary statistics by country obtained from the semi-structured interviews with the 102 MNEs (Table 1) and 226 domestic firms (Table 2 ) with links to a multinational company.
MNEs are, as expected, large firms, but the sampled domestic firms are also relatively large. The average number of employees across the seven countries is 850 (MNE) and 275 (Domestic), respectively, with the majority of these being full-time employed. Moreover, most MNE employees are 'local'. In terms of ownership structure, we find that most MNEs in the sample are wholly foreign-owned. We note that this does not mean that Joint Ventures (JVs) between foreign and domestic firms are not a growing part of the enterprise population. Most MNEs entered through Greenfield Investments (76%), while the remaining firms have either acquired or merged with existing businesses. There is an indication that MNEs in Africa use mergers and acquisitions (M&A) more frequently as an entry mode than in the two Asian countries.
Interestingly, we observe major cross-country differences in the main reasons for the location choices of MNE. Resource-seeking FDI (host country rich in minerals, raw materials, lower labour costs, and so forth) is highlighted as the main reason in Ethiopia, Uganda, and Vietnam whereas market-seeking FDI is mentioned as a main determinant of location choice in Ghana, Kenya, and Mozambique. We note that very few MNEs chose their location due to expectations of improving production efficiency.
Tables 1 and 2 also show that around 40 per cent of the MNEs and 28 per cent of domestic firms with MNE links are located in Special Economic Zones (SEZs), respectively. This SEZ average masks major cross-country differences (Cambodia, Ghana, and Kenya with very few firms located in SEZs and Ethiopia and Vietnam with more focused SEZ policies). In addition, we also asked more specific questions about firms' reasons for choosing their current production site. Again, a lot of variation is observed cross-country. In some countries, several firms state that the production site was allocated by the government (Ethiopia), whereas a location close to its customers is the dominating location 'choice' criteria in other cases (Vietnam). Good infrastructure is also highlighted as one of the main drivers of location choice, both for domestic and foreign-owned firms. Table 3 documents summary statistics about firm-level technology and the modes through which this new technology is acquired for both MNEs and domestic firms. The first row of each panel in the table shows the firms' self-evaluations of their technology in comparison with their competitors. Some, 49 per cent of MNEs and 26 per cent of the domestic firms, claim to have a technology advantage compared to their competitors. At the same time, only around 30 per cent of both types of firms cited that they would be able to increase capacity by more than 25 per cent using existing production structures. Note: Based on a total of 102 interviews.
Linked-in by FDI 457 Note: Based on a total of 226 interviews. Capacity utilisation (Share of firms that would you be able to increase production by more than 25 per cent using existing equipment/machinery only?) Linked-in by FDI 459
Moreover, two-thirds of MNEs and almost half of the domestic firms mentioned that they introduced new technology or production processes in the last two years. 6 As such, both MNEs and domestic firms seem highly dynamic in terms of technological upgrading and most are utilising their capacity fairly well. The tables also show that these dynamic technological features translate into relative high levels of innovative capacity. Some 25 per cent of MNEs and 30 per cent of domestically owned firms have introduced new product groups (defined at the four-digit ISIC code level) in the last two years.
The focus of this study is on how these dynamic features come about and whether the domestic firms get 'additional' technology that is directly transferred from linked MNEs or whether technology upgrading continues to be driven through other mechanisms. 7 An observation that could lead to questioning whether technology spillovers between 'linked-in' MNEs and domestic firms are likely to lead to direct production technology upgrading is that very few firms source new technology locally/domestically (16% of MNEs and 25% of domestic firms). Most firms acquire their technology through direct import, and a significant amount of MNEs acquire technology from headquarters located abroad. Indeed, learning new production technologies and processes from abroad seems critical in building greater firm-level technological capability.
Direct technology transfers through horizontal spillover channels
One mechanism through which domestic firms may experience a direct technology transfer is through horizontal mechanisms as described in Section 2. Table 4 illustrates the presence or lack of potential direct technology transfers along the horizontal dimension from MNEs to linked domestically-owned firms. Some 57 per cent (49 out of 86) of MNEs reported that they observed that main domestic competitors changed production techniques and processes as a direct result of the competitive pressure from the MNE. The share was 37 per cent (81 out of 221) when asking linked domestic firms. However, when zooming in on linked domestic firms listed as competitors, there is an almost perfect correspondence between answers for the linked MNE and the domestic firm listed as a competitor. Use Table 1(A) in the Supplementary Materials (Vietnam) as an example: it documents that FDI firm number three (Location: Hanoi, Investor: Singapore, Sector: Tyres and tubes) named a domestic competitor (competitor number one), which the survey team approached for an interview. If the MNE and the domestic competitor gave answers in accordance with each other to similar questions we label this as corresponding link information.
These numbers indicate that the presence of MNEs indirectly act as a technology 'push' factor for domestic firm technology upgrading. This is confirmed in the second row of Table 4 , which documents that 59 per cent of the MNEs that had observed changed production techniques in other firms due to competitive pressure also observed direct adoption of production techniques/processes (by observing or copying) from the MNE. Again there is consistency between corresponding links. Regional differences do exist (not documented in the table for reasons of exposition), with the African firm sample experiencing the competition and demonstration related spillovers more frequently than in Cambodia and Vietnam. Especially in the Vietnamese case, MNEs 'feel' the competition pressure from domestic firms and state that they have every incentive to prevent their embodied knowledge and technologies from leaking to these domestic competitors, a feature also found in the manufacturing sector in Eastern Europe (Javorcik, 2004) . Table 4 also explores direct linkages between MNEs and domestically owned firms, manifested in terms of labour market competition and the importance of spin-offs (former employees of FDI firms) in the domestic firms. Some 33 per cent of MNEs report that they have experienced employees leaving to set-up local enterprises directly connected to the FDI. However, not all former employees have set-up competing businesses. They have instead exploited existing opportunities (and local information) and have become either customers or suppliers of the MNE. Corresponding link consistency is weaker in this case, which is also illustrated by the relatively low share (27%) of linked domestic firms reporting that they have hired employees initially trained in MNEs. Contrary to the demonstration/competition effects, the data do not show any immediate cross-country differences in horizontal spillovers along the labour mobility dimension. An interesting observation occurred when the survey teams inquired with domestically owned firms whether hiring spin-offs have resulted in any meaningful impact on the firm's production process or technique. Some 53 per cent reported that the recruitment of former employees of MNEs has had such an impact.
Summarising, domestic firm technology choice decisions seem to be influenced by MNEs technology levels and dynamics along the highlighted horizontal dimensions (demonstration/competition and labour/spin-off effects). However, this type of analysis does not provide insights into whether these horizontal influences from MNEs are more pronounced than influences from other local domestic competitors, an issue to which we now turn.
Direct technology transfers through vertical spillover channels
In the previous section, we documented that horizontal spillovers (within sectors) to some degree arise when workers move from MNEs to domestic firms, bringing with them knowledge learnt that influences firm technology choices. Similarly, domestic firms observe and copy/adapt MNE technologies, and it also seems that competition from MNEs forces domestic firms to increase efficiency to survive (especially in the sample of African firms). 
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According to our literature review, direct technology spillovers between sectors are more likely to bring productivity improving benefits to domestic firms through vertical spillover mechanisms. Yet, the literature has been focusing on vertical spillovers through externalities that are studying direct links, which are in focus here. Figure 1 shows how technology spillovers from MNEs to domestic firms in other sectors are defined.
Spillovers through backward linkages occur when domestic firms that supply inputs to MNEs experience significant productivity changes (positive/negative) due to the interaction between the two parties. Most of the literature on backward linkages is only suggestive about how these backward linkages happen, and direct technology transfers, that is deliberate knowledge/technology transfers from MNEs to domestic input suppliers have, to our knowledge, only been studied in a few cases. 8 Grossman and Helpman (1991) document that forward linkages also have the potential to lead to direct positive knowledge/technology spillovers from MNEs supplying inputs to downstream domestic firms. The idea is that intermediates provided by MNEs embody new and more advanced technologies from which domestic firms can learn. In contrast to imported intermediates, these inputs are accompanied by services (or other forms of support) that impact on the productivity of domestic users (Javorcik, 2004) .
In what follows we aim to disentangle the characteristics of domestic firms experiencing direct vertical spillovers. Table 5 summarises some of these characteristics, combining information from MNEs and linked domestic firms. Around 25 per cent of the MNEs interviewed do not have any interactions with domestic firms. This corresponds fairly well with the observation that 15 per cent of the domestic firms report not having customer/supplier relations with MNEs (either domestic links or through direct exports/imports). Focusing on the variables of interest, we asked MNEs directly whether their relations with domestic customers/suppliers required a direct technology transfer from the MNE to the customer/supplier. It can be seen from Table 5 (Panel A) that on average 18 per cent of interviewed MNEs reported experiencing backward linkages. Of these, 36 per cent stated that the knowledge/technology transfers were directly stipulated in the contracts with their domestic customers. In addition, 21 per cent of firms experienced forward linkages, with 47 per cent of these stating that transfers of capabilities were stipulated directly in formal contracts. This supports the case study findings by Moran (2001) . Moreover, the summary statistics show that direct forward linkages are more frequently observed than direct backward linkages. As illustrated with the Kenya versus Vietnam cases and the spline plots of the fraction of direct technology transfers by country (Figure 3) in the Supplementary Materials, we see that direct technology transfers are more likely to take place among the sample of African MNEs than in the Asian region. The same patterns are generally found from the interviews with linked domestic firms (Table 5 -Panel B).
We now proceed to take a closer look at the association between region and the probability of receiving a direct knowledge/technology transfer either upstream or downstream using a traditional probability model, controlling for firm size and age, customer/supplier relations, production characteristics, and location. Hence, we estimate log-odds-ratios from a logit-specification describing the probability of a domestic firm receiving a direct technology transfer. The model is formulated as 
where y ic equals one if firm i in country c receives a knowledge/technology transfer; x ic are the firmspecific technology linkage determinants; while α c is the country specific term; and Λ is the logistic distribution function. Controls more specifically include firm size (log employees), firm age (establishment year in logs), ownership structure (indicator for single owner firm), production characteristics (indicator for production for final goods use), location (indicator for only one production facility, indicators for special economic zone, country), and customer/supplier relations (size of customer/supplier base, and indicators for engagements with MNEs both within and/or outside the country). Based on the above we are especially interested in establishing whether direct vertical spillovers are more likely to occur in our sample of African countries as compared to our selected Asian countries. Table 6 reports the regression results dividing the table into transfers from backward linkages (panel A) and forward linkages (panel B), respectively. The results in column (1) indicate that, conditional on firm size and age, local domestic firms are less likely to receive a direct knowledge/technology transfer if they have an MNE (within the country) as a customer than if they have a foreign firm abroad, or a domestic firm, as a customer. This result is rather striking, given the purposive sampling approach applied, where results are expected to be biased towards over-estimating vertical transfers occurring through within country firm linkages. Adding a regional control in column (2) shows that the negative Linked-in by FDI 463 coefficient on the MNE customer relations indicator is driven by differences across the African and Asian samples. African firms are generally more likely to receive direct knowledge/technology transfers and less likely to have an MNE as a customer, than Asian firms. Including the additional controls described above does not change this result (column (3)). A similar pattern is found for forward linkages. This suggests that when local domestic firms are being supplied inputs by an MNE within the country this is negatively associated with an increase in the likelihood of receiving a direct knowledge transfer through forward linkages. At the same time, operating in Africa (ceteris paribus) increases this probability as compared to firms in Asia. These results are consistent with the information obtained from the 102 interviews with MNEs, and it suggests that MNEs in Africa are more likely to engage in direct contractual arrangements both upstream and downstream regarding transfers of technology and know-how as compared to Asian MNEs. However, it should be highlighted that even in our African sample of domestic firms purposively selected to have a higher likelihood of being vertically integrated with an MNE, direct technology/knowledge transfers through FDI are not more likely to be observed than direct technology/knowledge transfers through trade (results available in the Supplementary Materials).
The differential size effect for African and Asian firms may be a sign of general differences in the parameters. If so, the total regional effect on the probability of receiving an MNE knowledge transfer cannot be estimated by simply adding country dummies in the non-linear regression. We, therefore, estimate the total regional effect using a generalised Oaxaca-Blinder decomposition. 9 The generalised Oaxaca-Blinder decomposition can identify two components of the unconditional vertical knowledge technology transfer gap by region (that is the difference between the probability of firms receiving a vertical technology transfer in Africa and Asia, respectively). The first component is a measure of the importance of differences in observable characteristics between African and Asian firms. We refer below to this component as the 'characteristics effect'. The second component is a measure of the importance of differences in parameters for the two regions, capturing variation in the returns to the characteristics between African and Asian firms. We refer to this as the 'regional effect' because this is the estimated average effect on probabilities of receiving a direct vertical knowledge/technology transfer for African firms.
Algebraically, the direct vertical knowledge/technology transfer gap between African and Asian firms can be described by decomposition into two components: 
where Δ is the gap between the probability of receiving a vertical technology transfer for African and Asian firms, respectively. The first term on the RHS is an estimate of the difference in probabilities of receiving a direct vertical technology transfer for African (SSA) and Asian (A) firms where the expectation is evaluated under the African parameters (β SSA ,α SSA ). This is the characteristics effect as it extracts the importance of differences in firm characteristics and aggregates these differences using equal weights. The second term is an estimate of the difference in expected probability of a direct vertical knowledge/technology transfer for African firms when the expectation is evaluated under the Asian and African parameters, respectively. This is the regional effect. Table 7 shows the results of generalised Oaxaca-Blinder decompositions by region. Panel A reports the results without additional controls while Panel B controls for all firm attributes described above. Samples are divided into three categories: (i) Full sample -column (1); (ii) sample excluding domestic firms vertically linked through trade -column (2); and (iii) sample excluding firms vertically linked to MNEs (within country) -column (3). In all columns the reported direct vertical knowledge transfer differences in means are positive, and direct vertical transfers are more likely to be observed in Africa as compared with Asia, independent of whether the knowledge transfer comes from within the country or through trade relations. In column (1) Panel A and B, the differences in firm characteristics are small and statistically insignificant. This indicates that there should not be regional differences in probabilities of receiving direct vertical knowledge transfers, based on information about differences in firm attributes. The positive and statistically significant regional effect is driving the differences in means. Accordingly, it would appear that the probability of vertical linkages depend on differences in underlying regional characteristics and is not due to differences in firm-specific attributes. Comparing results in columns (2) and (3), we see that the conclusion using all firms is consistent with results considering only within country linkages (column 2). In contrast, differences in trade-related vertical knowledge transfers are explained by differences in firm characteristics (column 3). This result suggests that we should expect differential regional effects (for 'identical' firms) of direct vertical knowledge transfers through FDI, whereas the probability of receiving technology transfers through the trade channel is likely to be driven by individual firm level attributes. Linked-in by FDI 465
Conclusion and discussion
A common feature of the FDI spillover literature is that an indirect approach is used to measure the effect of knowledge spillovers. Associations between the increased presence of MNEs and productivity improvements in local domestic firms are interpreted as a result of technology transfers from foreign affiliates to domestic firms. Mechanisms through which these transfers happen are many, but they all depend on inter-industry linkages and underlying industrial structures. Lack of economic complexity limits the scope for knowledge/technology diffusion of FDI, that is, sets a limit on the extent of spillover externalities. We hypothesise that FDI spillover externalities (ceteris paribus) are less likely to occur in countries where enterprise inter-linkages are weak (Africa) as compared to countries with more complex industrial structures (Asia). Knowledge diffusion is not an automatic process, and it often requires direct interaction between involved parties. In this study, we have argued that to come to grips with the complete potential of MNE knowledge/technology transfers, we need to better understand the direct linkages associated with MNE presence. Due to data limitations, only a few studies have focused on studying the nature and existence of direct FDI linkages. To our knowledge, no study has so far tried to verify information of direct FDI linkages using information from both MNEs and linked local domestic firms, respectively. This is the challenge we have addressed here; triangulating information from seven countries (Cambodia, Ethiopia, Ghana, Kenya, Mozambique, Vietnam, and Uganda) to establish whether there is systematic evidence of the relationship between foreign direct investment (FDI) and the existence of knowledge/technology transfers from multinational enterprises (MNEs) to domestic firms.
Combining evidence from interviews with multinationals (MNEs) and linked local domestic firms we identified whether direct relations between MNEs and domestic firms lead to recognised direct transfers of knowledge/technology. Our results confirm that there are relatively few linkages between MNEs and domestic firms in sub-Saharan Africa as compared to Asia. However, when these linkages are present they are more likely to lead to direct knowledge/technology transfers from MNEs to domestic firms as compared to linked-in firms in Asia, where competition effects are more likely to erode possibilities for direct spillovers. However, controlling for traditional firm attributes we do not find that direct knowledge/technology transfers are more likely to occur through FDI than through trade. As such, our results are not consistent with the view that tacit knowledge transfers are more likely to occur through localised linkages. However, we do find that a large part of the direct vertical transfers of knowledge is done by formal contractual arrangements. This signals that IPA legal assistance to domestic firms could help facilitate increases in direct knowledge transfers from MNEs to domestic firms. Finally, our results could indicate that lack of economic complexity in African industry makes direct linkages a non-negligible aspect of MNE presence, in the absence of industrial structures normally facilitating externalities from FDI technology spillovers. A deeper analysis of this aspect would no doubt move the literature forward, and coming to grips with these characteristics is, in our assessment, critically important in formulating effective industrial policy in the years to come.
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This happens through MNEs offering technical assistance, management experience, or quality assurance systems to their suppliers. 9. Kline (2011 Kline ( , 2014 has documented the close link between the decomposition and estimation of average treatment effects.
He shows that the Oaxaca-Blinder decomposition is equivalent to a reweighting impact estimator in which the odds of treatment are a linear function of the control variables.
